Spices represent all edible plant parts used for food flavouring or colouring including fruits, roots, seeds, peels or vegetable substances. The objective of this study was to determine the elemental composition (Ag, Al, B, Ba, Bi, Ca, Cd, Co, Cr, Cu, Fe, In, K, Li, Mg, Mn, Na, Ni, Pb, Sr, Tl and Zn) of selected spices available in the local markets on Serbian territory. The presence of heavy metals in spices is of particular importance because this could result in the accumulation of these elements in human organs, which further might cause different health problems. The analysed spice samples were curcuma, star anise, cinnamon, ginger, coriander, cardamom, sesame, black pepper, chilli and curry. The preparation of the samples was done by wet digestion. The concentrations of elements after digestion were determined by Inductively Coupled Plasma -Optical Emission Spectrometry (ICP-OES). In the group of spices macroelements, from all examined elements the calcium concentration was the highest (182.25 -3968.79 mg/kg), about 83%. From the heavy metals group, aluminium was most present in the range of 0.0-10.78 mg/kg, while cadmium and nickel were detected in almost negligible amounts.
Introduction
Spices include fruits, roots, seeds, peels or vegetable substances [1] . The specific ways of using spices are significantly different among cultures and countries. They were primarily used in religious rituals, medicine, cosmetics, perfumery and as the addition to the human nutrition diet. The discovery of medicinal effects of spices significantly increased their use in most parts of the world including Europe [2] [3] [4] [5] [6] [7] . Due to antioxidant, antimicrobial, diabetic, antiinflammatory and anti-hypersensitive properties, spices are used for medicinal proposes [8, 9] . On the other side, spices in food play an important role in health, partially as a nutrients source.
Mineral nutrients are interrelated and balanced against each other in human physiology. For instance, calcium, sodium, magnesium and phosphorus are included in the body fluid regulation. Inadequate mineral intake generally produces deficiency symptoms as anemia, impaired healing of wounds, severe diarrhea and a chronic renal failure [10, 11] . But, although spices represent a good source of nutrients, sometimes they might possess toxic compounds or accumulated heavy metals that originate from the production or processing and storage conditions. Heavy metals beyond the permissible limits could effects the human health and may lead to illness of a human fetus, preterm labor and mental retardation in children, while adults may suffer from fatigue, high blood pressure and kidney troubles. The use of heavy metals contaminated spices in human nutrition could result in accumulation of these elements in human organs, which further might cause different health problems [12] . For these reasons, the interest for harmful metals present in food has been increased in the last two decades [13, 14] .
In the past, scientists made an effort to determine the presence of macro-and microelements in spices that originated from all parts of the world. Several scientists have investigated the composition of Indian spices in term of their volatile oils and vitamins contents [15, 16] , as well as chemical and toxic constituents. Ila and Jagam (1980) have also reported about 24 certain elements in six Indian spices [17] . Abou-Arab and Abou-Donia (2000) have determined heavy metal contaminants in Egyptian spices [18] . The methods that were previously used were either expensive or did not allow simultaneous estimation of the concerned micro minerals. Inductively coupled plasma with optical emission spectrometry (ICP-OES) is a well-established method for multi elemental analysis and determination of isotope ratios. This method allows a simultaneous analysis of a wide range of trace elements in the sample and has been successfully applied in this study [19] . The aim of this study was to determine the elemental composition (Ag, Al, B, Ba, Bi, Ca, Cd, Co, Cr, Cu, Fe, In, K, Li, Mg, Mn, Na, Ni, Pb, Sr, Tl and Zn) of selected spices available in local markets on Serbian territory by using an inductively coupled plasma with optical emission spectrometry (ICP-OES). The con-centrations of the investigated minerals were compared with the recommended values by the international organizations as FAO and WHO. The generated data might be used for the inorganic minerals daily intake planning i.e. a nutritional diet.
Experimental part

ICP-OES analysis
In order to estimate the content of the concentrations of macro-and micro elements, the calibration standards were prepared. Multistandard IV -standard solution (Merck), which contained Ag, Al, B, Ba, Bi, Ca, Cd, Co, Cr, Cu, Fe, In, K, Li, Mg, Mn, Na, Ni, Pb, Sr, Tl and Zn at the concentration of 1000 mg/kg was used for the preparation of calibration solutions. Distilled water, purified by Fisher Chemical (HPLC grade) was used for the dilution of the standard solution, as well as for the dilution of spices samples. The preparation of standard solutions was performed by diluting the standard, so that the concentrations of standards for the calibration charts were in the range of expected test elements concentrations. The carrier gas was Argon 5.0 (99.999% purity). Table 1 shows the wavelength detection of each element in the samples, a correlation coefficient (R 2 ), the limit of detection (LOD), as well as the range of linearity. Table 1 . Calibration parameters: λ, nm; R 2 ; LD (µg/L) and the range of linearity (µg/L). Sampling and sample preparation Ten samples of spices (Table 2) found on Serbian territory were taken for the analysis. The preparation of the samples was carried out by wet digestion. A 0.1g of the spice mass is overflowed with 1 cm 3 of 65% nitric acid (Centrohem, Serbia) and left for 24 h in a digester for wet digestion. Before ICP-OES analysis, all samples were diluted with distilled water purified by Fisher Chemical (HPLC grade) to the volume of 10 cm 3 and filtrated by cellulose filters (0.45 μm).
Analysis of samples
The quantitative analysis of all samples was performed on ICP-OES (Inductively Coupled Plasma -Optical Emission Spectrometry, ARCOS FHE12, SPECTRO, Germany), according to the manufacturer's instructions. The instrument conditions and determined parameters are given in Table 3 . Table 3 . Operating conditions for ICP-OES analysis.
Results and discussion
The content of Ag, Al, B, Ba, Bi, Ca, Cd, Co, Cr, Cu, Fe, In, K, Li, Mg, Mn, Na, Ni, Pb, Sr, Tl and Zn was investigated in 10 samples of spices that were found on the Serbian market. Detected amounts of elements were compared between all the taken samples, as well as with the literature data. The obtained results from this study are presented in Table 4 .
Calcium, potassium, magnesium and sodium are highly cationic macroelements and may be readily taken up by the body. In the group of macroelements, the calcium content in spices was the highest, 182.3-3968.79 mg/kg ( Table 4 ). The obtained calcium concentrations were in accordance with the literature data [12,17,19−21] . Kumaravel and Alagusundaram (2014) investigated the spices from the Indian market and detected Ca in the concentrations of 243.2−1353.0 mg/kg [19] . Analogously, Bouba and collaborators (2012) detected Ca in the concentrations of 62-1594 mg/kg in spices found on the Cameroon market [21] . On the other side, high calcium concentrations in spices from Southeastern Nigeria have not been recorded. Ujowundu and collaborators (2011) have recorded calcium concentrations in spices in the range of 1.73-77.25 mg/kg [20] .
After calcium, the highest concentration is detected for potassium (19.69-447 .65 mg/kg, Table 4 ). Compared to the potassium presence in spices found on the Indian market (90.4 to 887.8 mg/kg) [19] , the potassium amount in our study was significantly lower. The recommended daily intake of potassium varies from 0.4 to 4.7 g depending on the age and gender [22] . Potassium is significant for the acid-base balance in the body, as well as osmotic pressure, and the nerve impulse transmission of the muscle contraction. It has an impact on the carbohydrate metabolism and a membrane transport as well [23] .
In the body, sodium is the most common cation that participates in the water metabolism, the contraction of muscles and allows the transfer of carbon -dioxide to the lungs [24, 25] . The sodium content in spices was also considerable (37.68-111.36 mg/kg, Table 4 ).
Magnesium was found in the concentration range from 4.08 to 34.12 mg/kg. The recorded concentrations of magnesium in the spice samples found on Indian (5.7 and 287.2 ppm) and Southeastern Nigeria markets (19.17 to 261 mg/kg) [19, 20] , were higher compared to the results from this study. Magnesium participates in the regulation of the protein synthesis, blood pressure and muscle and nerve function [24, 25] . Also, magnesium is included in the active transport across the cell membrane, which is an important process for conducting nerve impulses and a normal heart rhythm. The recommended daily intake of Mg for adults is about 400 mg [26] .
Zinc belongs to the group of microelements and it is essential for the normal function of the brain and biomembranes, as well as for the treatment of mental disorders (e.g. schizophrenia). Also, it is necessary for the metabolism of proteins and carbohydrates, the prostate function and many other biological functions. Zinc is required for DNA synthesis, and plays a major role in the development and functioning of reproductive organs. In addition, zinc is an essential oligoelement that is important for the membrane stabilization and the activity of metalloenzymes (alkaline phosphatase, alcohol dehydrogenase, carbonic anhydrase, lactate dehydrogenase, superoxide dismutase as well as RNA and DNA polymerases [23] . A detected amount of zinc in this study was between 1.49 and 4.64 mg/kg (Table 4 ). In investigations of spices carried out in Southeastern Nigeria a detected amount of zinc was between 0.01 to 0.63 mg/kg [20] , while in Indian spices a detected zinc amount was in the range of 1.11−2.57 mg/kg [19] . This indicates that the presence of zinc in spices from our market is significantly higher. This is a positive factor because recent data indicate that the lack of this vital element is common in 48% of all global population [27] . A recommended daily intake of zinc for adults is between 12 − 15 mg ( WHO, 1989) .
The presence of iron in this study was detected in the range of 1.04-11.72 mg/kg (Table 4) . Iron is responsible for the activity of some enzymes that generate energy. Compared to other investigations, iron in this study was 8(1) (2019) 27-32 detected in significantly lower amounts. In spice samples found on Southeastern Nigeria [20] and Indian [19] markets, iron was detected in the concentration range of 4.8−192.7 mg/kg and 1.69-17.87 mg/kg, respectively. Bouba and collaborators (2012) recorded the presence of iron (5.9-206.4 mg/kg) in coffee samples found on Cameroon market [21] .
Copper, along with vitamin C and zinc, is responsible for maintaining the elasticity of fibers, which provides a better skin structure support. The lack of copper has the effect of anemia, hair depigmentation and bones deformities. According to WHO, the recommended daily dosage of copper is 1 mg [22] . The diet that is deficient in particular essential elements as Zn, Fe and Cu can enhance the accumulation of some toxic metals as Cd or Pb [28] , which further can influence trace element metabolism [28] . The presence of copper in spice samples was detected in the concentration range of 0.51 to 11.76 mg/kg (Table 4) . In edible plants, the maximum permissible copper limit set by WHO is 3.00 mg/kg [30] . Based on this recommendation, three spice samples analysed in this study possess copper over the allowable limit (star anise, cinnamon, coriander). On the other hand, China and Singapore regulations allow copper in the concentration of 20 mg/kg and 150 mg/kg, respectively [12] . Kumaravel and Alagusundaram (2014) have reported copper amounts in spices between 0.195 and 2.581 mg/kg [19] , while Ujowundu and collaborators (2011) detected copper in the range of 1.93 to 9.84 mg/kg [20] . The lowest copper concentrations were recorded in the spices from the Cameroon market (0.01 and 0.37 mg/kg) [21] .
Manganese is important for bone formation, lipid metabolism, the energy production and the synthesis of nucleotides. In this investigation, the obtained values for manganese were in the range of 0.07-6.25 mg/ kg. Similarly, Kumaravel and Alagusundaram (2014) detected manganese in Indian spices in the concentration of 0.67−5.73 mg/kg [19] . On the other side, manganese was detected in a significantly higher concentration in the spice samples from the Cameroon market (0.7 to 20.5 mg/kg) [21] .
The permissible Mn limit in edible plants set by FAO/ WHO (1984) is 2 mg/kg [30] . This indicates the fact that all plants can accumulate manganese above this limit, as it was detected in star anise and cardamom spices (Table 4) .
Heavy metals belong to a special group of elements classified as the most dangerous inorganic environment pollutants. They are non-biodegradable with the tendency towards bioaccumulation and expression of toxic effects even at a very low concentration. Some heavy metals are among the group of trace microelements because even they are toxic in higher concentrations. At lower concentrations they are necessary for the plant and other living organisms` growth and development. The accumulation of heavy metals in plants depends not only on the total content in the soil, but also on the kind of affinity, as well as individual and interactive effects of different soil properties [31] .
Aluminium is included as a cofactor in the guanine nucleotide binding which is necessary for the metabolism of protein. The presence of aluminium in spice samples was detected at 0.0-10.78 mg/kg (Table 4 ). The increased content of this element in patient kidneys can significantly damage the skeleton due to the negative impact on the process of the bone formation, leading to the occurrence of osteomalacia [32] . Other heavy metals detected in no significant amounts in the spice samples are Pb and Ni, while the presence of Cd was detected just in Cinnamon spice in the quantity safe for the health. 
Conclusion
The results in this study confirm that the following elements: Ag, Al, B, Ba, Bi, Ca, Cd, Co, Cr, Cu, Fe, In, K, Li, Mg, Mn, Na, Ni, Pb, Sr, Tl and Zn can be successfully estimated in the spice samples by using ICP-OES method of analysis. The use of ICP-OES provides a simpler, effective, faster, and less contamination procedure for determining the nutritive profile of the spice and spice extracts. The obtained results showed that the analysed spices are a good source of calcium, sodium, potassium and magnesium and therefore represent an important human nutrient source. From macroelements group, the most common element was calcium (182.25-3968.79 mg/kg), almost 83%, while the lowest was magnesium (in the range of 4.08-34.12 mg/kg), about 1%. The obtained results of nontoxic, as well as toxic elements in spices confirmed that the analysed spices represent no risk for the human health if they are taken in a limited quantity. Of all heavy metals, the presence of aluminium was detected in the highest amount of 0.0-10.78 mg/kg. A human need for spices is very few grams per day, and in that quantity there is no risk of their use in the food stuff. Anyhow, spices and herbs used in food may contain some toxic metals in a relatively high level, and therefore they should be under continuous monitoring.
